Introduction {#sec1-1}
============

Cytochrome P450 (CYP2D6) group of enzymes is the most widely studied since they metabolize majority of drugs used in clinical practice. CYP2D62D6 metabolizes approximately 25% of drugs\[[@ref1][@ref2]\] such as selective serotonin reuptake inhibitors, tricyclic antidepressants, antipsychotics, beta-blockers, and histamine receptor blockers.\[[@ref3]\] Genotyping studies of CYP2D6 performed worldwide have shown a wide array of mutant alleles (from \*1 to \*41) with prevalence ranging from 0% to 8.4%, respectively.\[[@ref3][@ref4]\] Of these alleles, \*2 is considered to manifest as ultra-rapid metabolizers and \*3, \*4, \*6, \*9, \*10, \*14, \*17, \*29, and \*41 as poor metabolizing types. The remaining types have normal activity.\[[@ref5]\]

The function of such polymorphic alleles can be established from phenotype studies, mainly by using a probe drug.\[[@ref6]\] Probe drugs are those that are primarily metabolized by one specific enzyme. Hence, by noting the extent of their metabolic conversion (the measurement of their metabolites), the functional/phenotypic activity of that particular enzyme can be delineated. The United States Food and Drug Administration (US FDA) approved probe drug for CYP2D6 is dextromethorphan.\[[@ref7]\]

Phenotype studies have shown incidence of around 0-18.8% for poor metabolizer (PM) status of CYP2D6 worldwide\[[@ref3][@ref8][@ref9]\] including North and South India.\[[@ref10][@ref11][@ref12][@ref13][@ref14]\] Since, there is a lacuna of information from Western Indian population, the present study was envisaged in healthy adults to evaluate the polymorphism of CYP2D6 using dextromethorphan as a probe drug.

Materials and Methods {#sec1-2}
=====================

The study was conducted over a period of 7 months (August 2010 to February 2011) at Department of Clinical Pharmacology, Seth GS Medical College and KEM Hospital after obtaining Institutional Ethics Committee approval (EC/Govt-11/2007). This study was registered with the Clinical Trial Registry of India (CTRI/2010/091/000030). All the participants were recruited by word of mouth. No advertisements were made.

 {#sec2-1}

### Study Participants {#sec3-1}

Participants (of either gender between 18 and 45 years) assessed as being healthy based on history and physical examination and who had at least two previous generations permanently residing in Western India (Maharashtra, Gujarat, and Rajasthan) were screened for this study. Those with history of any chronic disease or having consumed any drug or nicotine in the last 7 days, and any history of or suffering from gastrointestinal, renal, liver, cardiovascular, respiratory, central nervous system, and endocrine diseases were excluded from the study. Only those participants who gave written informed consent were recruited for this study.

### Study Procedure {#sec3-2}

The enrolled participants were asked to refrain from consuming either caffeine or alcohol 48 h prior to the study. On the day of the procedure, they were administered 60 mg (10 ml suspension) of dextromethorphan hydrobromide (Lastuss LA Syrup, FDC Ltd., Pharmaceuticals, batch number LTW0061) orally with 50 ml of water after an overnight fast. At 3 h after, the dosing, 5 ml of blood was collected in a heparinized tube for the estimation of dextromethorphan and its metabolite (dextrorphan). The participants were observed for 8 h postdose for assessing the safety of the drug and then discharged.

### Laboratory Methodology {#sec3-3}

A sensitive method using reverse phase high performance liquid chromatography with fluorescence detector was developed for the simultaneous estimation of dextromethorphan and dextrorphan over the concentration range of 3.21-725.44 ng/ml and 12.40-980.00 ng/ml, respectively.\[[@ref15]\] Dextromethorphan, dextrorphan and benzyl benzimidazole (internal standard) were extracted from plasma using simple protein precipitation technique using zinc sulfate (35%). Separation of components were done on μBondapak C18 (10 μm, 3.9 × 300 mm, Waters) using gradient mobile phase A, composed of potassium phosphate buffer 0.01M, pH-3.0:methanol: tetrahydrofuran (68.5:31:0.5 v/v/v) and mobile phase B, containing methanol: tetrahydrofuran (93.25:6.75 v/v). Detection of components was done on excitation wavelength of 230 nm and an emission wavelength of 306 nm. The methodology was standardized as per the US FDA requirements.\[[@ref16]\]

### Statistical Analysis {#sec3-4}

The metabolic ratio (MR) of dextromethorphan to dextrorphan\[[@ref17]\] for each participant was calculated. Descriptive statistics was used for demographic data and the normality of MR data was assessed by Kolmogorov-Smirnov test. Logarithmic values were obtained for each MR and a frequency histogram plotted. Probit plot was prepared with log MR on X-axis and probit values on Y-axis.\[[@ref18]\] Trendlines were added to the plot to get the best linear fit. Based on the selected trendline, a polynomial equation of regression was obtained. Intercept at the X-axis was considered as the antimode. Individuals with log MR equal to or higher than the antimode were classified as PMs and those with values less than antimode were categorized as extensive metabolizers (EMs). These are expressed in proportions with 95%  confidence intervals (\[\]).

Results {#sec1-3}
=======

 {#sec2-2}

### Demographics {#sec3-5}

A total of 150 participants (107 males; 43 females) were recruited. The median age was 23 years (range 18-35 years) and body mass index (in kg/m^2^) was 22.41 (range 18.5-25). A summary of the demographic details has been mentioned in [Table 1](#T1){ref-type="table"}. A sample from one participant could not be analyzed as there was interference during the laboratory analysis.

###### 

Demographic details of the study participants (*n*=150)

![](IJPharm-46-266-g001)

### Phenotyping Data {#sec3-6}

The MR was the ratio of plasma concentration of dextromethorphan to dextrorphan, showing the extent of metabolism by CYP2D6. The median (range) of MR was 0.25 (0.03-3.01). The frequency histogram showed a bimodal distribution of the MR \[[Figure 1](#F1){ref-type="fig"}\]. The polynomial equation obtained in probit analysis gave an antimode for MR of 1.39 \[[Figure 1](#F1){ref-type="fig"}\] based on which individuals with an MR of or more than 1.39 were classified as PMs, whereas those with MR \<1.39 were classified as EMs.

![Frequency histogram showing bimodal distribution of log metabolic ratio scale and their frequency (*n* = 149)](IJPharm-46-266-g002){#F1}

Of the 149, 5 (3.36% \[1.4, 7.6\]) participants were PMs with median (range) MR of 2.80 (2.32-3.01) and the remaining (96.64% \[92.4, 98.6\]) were EMs with median (range) MR of 0.25 (0.03-1.29). Gender did not influence the metabolizer status.

### Safety {#sec3-7}

One participant reported mild drowsiness 2 h postdose that subsided spontaneously without any intervention. There were no serious adverse events.

Discussion {#sec1-4}
==========

This study evaluated the functional activity of CYP2D6 enzyme using MR of dextromethorphan to its metabolite, dextrorphan in adult healthy Western Indian participants. We found that among 149 participants, only 5 (3.36%) were PMs and the drug was tolerated well.

CYP2D6 is the most extensively studied drug metabolizing enzyme that exists in different polymorphisms and the first enzyme that was completely characterized at the molecular level.\[[@ref19]\] Three distinct phenotypes have been reported associated with CYP2D6 polymorphisms, namely PMs, extensive and ultra-rapid metabolizers.\[[@ref20]\] The prevalence of PMs in Western Indian population was found to be similar to that of other populations including North and South Indians \[[Figure 2](#F2){ref-type="fig"}\].\[[@ref3][@ref10][@ref11][@ref12][@ref13][@ref16]\] In contrast to our study, which shows a low percentage of Western Indians being PMs, studies done in South Africa, Estonia and Poland show a higher proportion of PMs (9.4-18%)\[[@ref21][@ref22]\] and South East Asian studies done in China and Korea show an extremely low percentage of PMs (0.6-0.7%).\[[@ref23][@ref24]\] In this study, we did not find any ultra-rapid metabolizing phenotype.

![Poor metabolizers in different ethnic groups by phenotyping \[[@ref3][@ref10][@ref11][@ref12][@ref13][@ref16][@ref21][@ref22][@ref23][@ref24]\]](IJPharm-46-266-g003){#F2}

Many drug classes such as selective serotonin reuptake inhibitors, tricyclic antidepressants, antipsychotics, beta-blockers, and histamine receptor blockers are metabolized by CYP2D6.\[[@ref3]\] Considering the fact that only around 3% of our population has a PM status, it might not be considered cost-effective to evaluate the CYP2D6 status in all the patients before prescribing any of these drugs. In addition, this study was done in healthy participants and the application of this phenotype test in the general population is limited because of the concomitant drugs and disease states that may contraindicate/have interaction with dextromethorphan. Although genotyping of CYP2D6 may have a role in such patients, it is unclear whether they are cost-effective in the current situation. Further studies with a larger sample population are needed in this area to evaluate the cost-effectiveness of evaluating CYP2D6 activity.
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